
B
U

ARCADIS

C]
ii

AppendixD

U 95% UCL for TCLP Benzene

U
Li

17

U

U
U

Because we care
OO% recycled paper produced by wind power energy



ARCADIS ARCADIS U.S Inc.

284 Cramer Creek Court

Dublin

Ohio 43017

Tel 614.764.2310

MEMO Fax 614.764.1270

To: Copies

Jay Reid Craig Derouen, Tim Ratchford

From:

Mark Lupo

Date: ARCADIS Project No.:

May 28,2010 0H003000.MS24

Subject:

Benzene TCLP Data Evaluation, Hattiesburg, Mississippi

The Toxicity Characteristic Leaching Procedure (TCLP) was used to evaluate the leaching potential of

benzene in sludge samples collected from the lB Basin at the Hercules Facility location in Hattiesburg,

Mississippi. The purpose of this memo is to estimate the true mean of the TCLP results for comparison to

United States Environmental Protection Agency (USEPA) Resource Conservation and Recovery Act

(RCRA) standards to determine if the material exhibits hazardous characteristics.

Data Evaluation

The 16 data points are presented in Table 1 in descending numerical order. Three of the data points had

benzene concentrations below the detection limit of 0.02 mg/L. These points were replaced by half of the

analytical detection limit. The adjusted data set was evaluated.

The sample mean of the data is 0.2348 mg/L, but the true mean is not known, because to measure this

would require sampling the entire volume of the sludge, which is not practical. Statistics can be used to

construct an interval that contains the true mean with 95% confidence. The rationale is that the upper limit

of this interval, the 95% upper confidence limit (UCL) represents the upper limit of the true mean with 95%

confidence.

One necessary precondition for the construction of a confidence limit is that the data be normally

distributed. The USEPA recommends the Shapiro-Wilk test for normality. The data were tested with the
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Shapiro-Wilk test and found to exhibit non-normal characteristics. These data failed the normality test

because of the presence of three high data points. The data set was tested for outliers using the Dixon

Test for Outliers, and the three high points were identified as statistically significant outliers. The data

were transformed with successive transformations following the ladder of powers. The first transformation

to pass the normality test at 5% significance was the logarithmic transformation. Therefore, the data set is

lognormally distributed. Attached to this memo is a probability plot generated by the ChemStat statistical

package (version 5.2.0.0) of the log-transformed data. The linear trend can be seen for all but the three

non-detections.

Table 1 shows the log-transformed data. A natural logarithm was used to transform the data. It should be

noted that when the transformed data set was tested with Dixon’s Test for Outliers, no statistically

significant outliers were identified.

The 95% UCL was computed from the sample mean , the sample standard deviation s, and the number

of data points n, using the following formula:

UCL = exp[i+St09j

The t-statistic t(n.l was obtained from a table in the groundwater statistical guidance document

(USEPA, 1989). The inputs and the result are presented in Table 1. The 95% UCL was computed to be

0.159 mgIL.

Discussion

The computed 95% UCL was lower than the arithmetic mean. This was to be expected in a lognormal

data set, because the arithmetic mean in such a skewed data set is dominated by the highest data points.

In data that are logarithmically distributed, it is the geometric mean, and not the arithmetic mean around

which the confidence interval is constructed. The geometric mean of the adjusted, non-transformed data

set was 0.082 mg/L (Table 1). To construct an interval around the arithmetic mean in a lognormally

distributed data set, Land’s procedure is often used. However, this procedure can introduce results that

are described as biased” and “extreme” (USEPA, 2009), particularly when the coefficient of variation is

high. This procedure was not used for these data.

The data set is partially censored; there were 3 nondetections out of 16 data points. This is a detection

frequency of 81.3%. USEPA guidance recommends that some form of adjustment, such as Cohen’s

Adjustment, be applied when the detection frequency is between 50% and 85%, and that nonparametric
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methods be used when the detection frequency is below 50%. Cohen’s adjustment was not applied,

because it can introduce bias in transformed data sets. It was considered to introduce less bias to omit

the adjustment on a data set that was only somewhat more censored than the 85% detection guideline.

Had the normality issue been ignored and a UCL been computed around the untransformed arithmetic

mean, the “UCL” would have been estimated as 0.401 mgIL, a value that is still below the 0.5 mg/L

criterion.

Conclusion

The benzene TCLP data were found to be lognormally distributed. The sample geometric mean of the

benzene TCLP data set was 0.082 mg/L. One can be 95% confident that the true geometric mean of

these data is 0.159 mg/L or less. Therefore, the true mean TCLP concentration is expected to be less

than 0.5 mg/L, the TCLP limit for benzene.
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Table 1. Calculation of the 95% Upper Confidence Limit of Benzene TCLP Results,

Ashland Inc., Hattiesburg, Mississippi

Original Adjusted Log-transformed

Benzene Benzene Benzene

Location mgIL mgIL mgIL

IBS-7-LS 1.3 1.3 0.2624

IBS-3-LS 0.96 0.96 -0.0408

lBS-i-US 0.55 0.55 -0.5978

IBS-1-LS 0.21 0.21 -1.5606

IBS-6-LS 0.14 0.14 -1.9661

IBS-2-LS 0.13 0.13 -2.0402

IBS-3-US 0.12 0.12 -2.1203

IBS-8-LS 0.1 0.1 -2.3026

IBS-2-US 0.058 0.058 -2.8473

IBS-4-LS 0.052 0.052 -2.9565

IBS-5-LS 0.043 0.043 -3.1466

lBS-4-US 0.038 0.038 -3.2702

IBS-5-US 0.025 0.025 -3.6889

IBS-6-US <0.02 0.01 -4.6052

IBS-7-US <0.02 0.01 -4.6052

IBS-8-US <0.02 0.01 -4.6052

Sample mean 0.2348 -2.5057

Standard deviation 0.3784 1.5255

number 16 16

frequency 81.3% 81.3%

t(n1095)
1.753 1.753

raw UCL
-1.837

UCL
0.401 0.159

median 0.079

Coefficant of variation 1.61 -0.61

geometric mean 0.082

Notes:

mg/L: milligrams per liter

Data were adjusted by replacing the non-detections with numerical values equal to half of the detection limit.

A natural logarithm was used for the transformation.

The term raw UCL” refers to a UCL computed prior to the necessary step of inverse transformation.
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iilt . U TMA Environmental, inc.

I. ! I I V I
P.O. Box 150 • Gonzales, LA 70707-0150

Phone: 225.677.8800 • Fax: 225.673.9286

June 21, 2010

Mr. Craig Derouen
Job No. 36810

ARCADIS U.S. Inc.

J 10352 Plaza America
Baton Rouge, La 70816

Re: Sludge Dewatering Overview

TMA appreciates the opportunity to submit this information on the above referenced project.

0 We are a “Total Service Company” assuring our clients the value-added service necessary to meet their Chemical cleaning,

Hydroblasting and Vacuum truck services needs in the most cost effective manner.

Overview:
TMA Environmental received 4 samples of sludge in 4 separate 5 gallon plastic buckets (with lids) to be studied

for dewatering treatability and dewatering simulations performed. The 4 sample buckets were labeled IBS-2,

IBS-4, IBS-8 and ETS-2.

We performed bench scale treatability studies and simulations to enable Arcadis to evaluate filter press,

centrifuge and gravitational dewatering technologies. We evaluated the insitu sludge samples with a variety of

test for physical data. The physical data was used for our evaluation of the different dewatering technologies,

volume reductions and additives required for processing.

Before performing the testing and simulations the insitu sludge samples were thoroughly mixed. Each sample

was mixed using an electrically powered drill and a five gallon paint mixer for a duration of 5 minutes each. The

mixing achieved a homogenous mix ofthe flowable sludge, settled solids and clumped solids. The samples were

remixed as needed before each test. No dilution was needed for mixing and no dilution was used for any testing.

As requested, the dewatering test and simulations included Baroid, plate and frame, centrifuge, and stacking (i.e.

gravity drainage or gravitational dewatering). Each technology study used a variety of chemicals, materials and

dosages to arrive at the best results. Below or the results of each sample:

Baroid:
The Baroid equipment was used in conjunction with various filter media and chemical treatments to obtain an

indication for the best result for the recessed chamber filter press simulation. Various dosages of diatomaceous

earth, lime, ferric sulfate and combinations were used in the Baroid testing. All samples were also tested using no

additives. Decisions were based on cake hardness, estimated % solids of filter cake, estimated minimal filter aid

required, time required for dewatering/filtering, cleanliness of filter cloth and cleanliness of filtrate/effluent.

Our estimated best results were achieved by adding and mixing 0.5% by weight hydrated lime with the insitu

sludge samples. Similar results were achieved on all 4 samples. Filter cake was firm, filter cloth remained clean

and filtrate/effluent was good.

Basically all samples showed the ability to be filter pressed using D,E., lime, ferric and most combinations

mentioned. Also, all samples showed the ability to be filter pressed without using any filter aid, although the cake

was sticky which left filter cloth dirty.

Servicing the Industrial Area Since 1989

Specialii Wa/erblasimg Services. Cold Culling. I-1vdroexca’arion & frocunni Truck Sen’ices



Plate and Frame / Filter Press:

Filter press technology achieved the best results when considering volume and mass reduction. Also as expected,

filter press technology achieved the best effluent of the dewatering technologies tested.

The filter press simulation samples were achieved using the insitu sludge, no dilution and 0.5% by weight of

hydrated lime added. The filter cake definitely would pass paint filter testing. The filter cake was firm which

should achieve a good compressive strength and suspended solids percentage. All 4 samples IBS-2, IBS-4, IBS-8

and ETS-2 were very similar in the testing and simulations.

Centrifuge:
Centrifuge technology is a very good candidate however the solids content would be lower than that of a filter

press. The initial centrifuge simulation was run without chemical addition. The solids phase would definitely

pass paint filter test but the centrate/effluent was not as clean as when polymer was not used.

The addition of polymer to enhance the solids/liquids separation process showed positive results in the

centrate/effluent. The lab studies show a good two phase separation with very clean water. A minimal amount of

light solids particles is noticed in the liquid phase (centrated/effluent).

The samples were jar tested for polymer dosage using cationic arid anionic polymers of various charges (low,

medium and high charge). The high charge cationic polymer showed the best estimated results based on solids

percentage and cleanliness of the centrate/effluent.

Again, all 4 samples IBS-2, IBS-4, IBS-8 and ETS-2 were very similar in the testing and simulations.

Gravity Drainage (gravity dewatering/stacking)

Based upon the Arcadis recommended procedure for the “Stacking Simulation”, this dewatering process also

shows some positive results. The final solids phase from the study will pass the paint filter test without additional

solidification. The liquid phase/effluent contained a reasonable amount of suspended solids. An addition of

polymer could enhance solids settling and clean up the effluent.

Again, all 4 samples IBS-2, IBS-4, IBS-8 and ETS-2 were very similar in the testing and simulations.

Conclusion:
This material (all 4 samples) showed positive signs of dewatering by all the tested technologies.

All 4 samples showed very similar dewatering characteristics.

Once again, thank you for this opportunity to be of service to you. We look forward to your review of this testing study.

Should you have any questions or require additional information, please do not hesitate to contact us.

For TMA Environmental

Jody Elisar
Business Development Manager

Serviciug I/ic Industrial Area Since 1989

Specially Waterhlasiing Services, Cold Culling, Hvdroexcavation & Vacuum Truck Services
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FUGRO CONSULTANTS, INC.

4233 Rhoda Drive

Baton Rouge, Louisiana 70816
Tel: 225-292-5084

August 09, 2010
Fax: 225-292-8084

Mr. Craig Derouen

Arcad is
10352 Plaza Americana Drive

Baton Rouge, LA 70816

Re: Sludge Mix Design
Hercules, Inc.
Hattiesburg, MS
Fugro Project Number: 04.55101011

Mr. Derouen:

We have completed the mix study of the onsite sludge of the referenced site.

Attached are Tables I and 2 of our findings.

If you have any questions regarding this information, please contact me at (225)

292-5084.

It has been a pleasure servicing you and Arcadis on this project.

Sincerely,

George Perkins
CMET Manager

GLP/kkb

Enclosure

A member of the Fugro group ol companies with offices throughout the world.



Hercules, Inc. Solidification Study

Raw Sludge Data
ARCADIS
Hercules, Inc. - Hattiesburg, MS

Table I

Fugro Project Number: 04.55101011

Date: 7/22/2010

Moisture Content

Sludge Type
(%)1 Specific Gravity Bulk Density (pcf) Paint Filter (P(F) % Solids

ETS-2 87.2 1.03 62.0 FAIL 12.8

IBS-2 84.8 0.99 61.0 FAIL 15.2

IBS-4 83.8 1.03 62.5 FAIL 16.2

IBS-8 90.0 1.01 63.0 FAIL 10.0

Raw Sludge After Dewatering

Moisture Content Type of

Sludge Type
(%1 Dewatering Bulk Density (pcf) Paint Filter (P/F) % Solids

ETS 83.9 Gravity 54.2 FAIL 16.1

ETS 76.2 Centrifuge 53.2 PASS 23.8

ETS 58.0 Filter Press 66.1 PASS 42.0

IBS-4 59.0 Gravity -
PASS 41.0

IBS-2 66.5 Gravity 56.7 PASS 33.5

IBS-2 52.0 FilterPress 61.7 PASS 48.0

IBS-2 65.5 Centrifuge 62.9 PASS 34.5

Note: 1 Moisture content based on the total weight of sample

4233 Rhoda Drive

Baton Rouge, LA 70816



Hercules, Inc. Solidification Study

ARCADIS

Sludge Reagent Data

Hercules, Inc. - Hattiesburg, MS
Table 2

Fugro Project Number: 04.55101011
.

Date: 7/26/2010

Paint After 3

Sludge Mix Reagent Days Bulk Density Compressive Filter day cure

Type Number Reagent Type (%) Cured (pcf)1 Strength (psi) P/F PIF

1-A Portland Cement 5 3 58.5 0.264 Fail Pass

1-B Portland Cement 5 7 58.5 0.64 Fail Pass

2-A Portland Cement 10 3 61.0 1.78 Fail Pass

2-B Portland Cement 10 7 61 3.36 Fail Pass

3-A Quick Lime 5 3 58.6
(2> Fail Fail

4-A Quick Lime 10 3 60.4
(2) Fail Pass

4-B Quick Lime 10 7 60.4 0,61 Fail Pass

IBS-2
5-A Fly Ash 15 3 61.3

(2) Fail Fail

6-A Fly Ash 25 3 68.7 0.320 Fail Pass

6-B FlyAsh 25 7 68.7 1.02 Fail Pass

7-A Quick Lime 25 3 66.9 6.50 Pass Pass

7-B Quick Lime 25 7 66.9 13.6 Pass Pass

8-A Calciment 10 3 63.1 0.44 Fail Fail

8-B Calciment 10 - 62.5 -
Fail -

9-A Calciment 20 3 69.1 3.54 Fail Pass

9-B Calciment 20 - 69.7 -
Fail -

>‘> Bulk density at time of molding
(2) Stumped under own weight
(3) Reagent % is by volume

Notes:

4233 Rhoda Drive

Baton Rouge, LA 70816
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Feasibility Evaluation Matrix
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ARCADIS
Infrastructure, environment, buildings

Imagine the result

MHERCULES

Impoundment Basin

Decommissioning Work Plan

Hattiesburg, Mssssippi

20 August 2010



ARCADIS

Impoundment Basin

Decommissioning Work Plan

0
Hattiesburg, Mississippi

Craig A. De uen, P.E.

Senior Engineer

John EHis, P.G.
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David R. scudé P.E.
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